Abstract Cytokines such as tumor necrosis factor alpha (TNF-α)-induced expression of matrix metalloproteinase (MMP) play a pivotal role in the destruction of articular cartilage in patients who are suffering from osteoarthritis (OA). Collagen type II, the basis for articular cartilage, can be degraded by MMP-1, MMP-3, and 13. EGb761, the standardized extract of Ginkgo biloba produced by Dr. Willar Schwabe Pharmaceuticals, has shown its anti-inflammatory capacity. This study aimed to determine a mechanism whereby EGb761 may inhibit cartilage degradation. Our results indicated that pretreatment with EGb761 abolishes MMP-1, MMP-3, and MMP-13 gene expression and protein expression induced by TNF-α in human chondrocyte monolayer. In addition, the reduction of the tissue inhibitor of metalloproteinase-1(TIMP-1) and metalloproteinase-2 gene expression induced by TNF-α was rescued by pretreatment with EGb761. Importantly, TNF-α-induced degradation of collagen type II was ameliorated by EGb761 in a dose-dependent manner. Mechanistically, our results indicated that EGb761 treatment attenuated TNF-α-induced NF-κB activation. These actions of EGb761 suggest a mechanism by which EGb761 may act to prevent cartilage breakdown in arthritis.
Introduction
Osteoarthritis (OA) is the most common degenerative articular disease, with ageing and excessive loading as important risk factors (Aigner et al. 2003) . The progressive degradation of articular cartilage is the main feature of OA. The equilibrium between physiologic synthesis and degradation of articular cartilage is disrupted during the progression of OA. The metabolism balance of extracellular matrix (ECM) is disturbed by many factors in OA (Aigner et al. 2002) . Increasing evidence has shown that the activation of degradative enzymes, such as the matrix metalloproteinases (MMPs) leads to the loss and degradation of proteoglycans and collagen in articular cartilage. Induction of MMPs by pro-inflammatory cytokines plays a pivotal role in the destruction of articular cartilage in patients who are suffering from OA (Kullich et al. 2007) . Among the various matrix metalloproteinase, MMP-1 and MMP-13 are collagenases. MMP-3 is one of the stromelysins, which degrades proteoglycans and activate procollagenase in articular cartilage (Blom et al. 2007 ). In addition to MMP-3, MMP-1 and MMP-13 have been associated with the destruction of cartilage in OA. MMP-1 and MMP-13 are commonly detected metalloproteinases in synovial fluid from patients suffering from OA (Freemont et al. 1997) . Collagen type II is the main component of healthy cartilage matrix. Notably, MMP-13 is more restricted to connective tissue, which not only targets type II collagen in cartilage for degradation but also degrades proteoglycan, types IV and type IX collagen, osteonectin, and perlecan in cartilage (Shiomi et al. 2010) . The tissue inhibitor of metalloproteinase-1 (TIMP-1) and TIMP-2 are the two important inhibitors of MMP-1, MMP-3, and MMP-13 (Flannelly et al. 2002) . The up-regulation of MMPs by TNF-α in chondrocytes is thought to mediate by the activation of several transcription factors such as nuclear factor-κB (NF-κB), AP-1, and so on which are involved in stress-or inflammation-induced signaling. NF-κB plays a critical role in the activation of MMP promoters in response to inflammatory stimuli such as TNF-α (Liacini et al. 2003) . Disturbing the activation of MMPs induced by proinflammatory cytokine activity may reduce the cartilage degradation in OA.
Ginkgo biloba, also named maidenhair tree, is a type of medicinal herb used in traditional Chinese medicine for thousands of years. EGb761 is a standardized extract of Ginkgo biloba leaves, which is a well defined product produced by Dr. Willar Schwabe Pharmaceuticals and contains approximately 24 % flavone glycosides (primarily quercetin, kaempferol, and isorhamnetin) and 6 % terpene lactones (2.8-3.4 % ginkgolides A, B, and C and 2.6-3.2 % bilobalide) (EGb 761 2003) . EGb761 was found to exhibit potential beneficial effects to patients with Alzheimer's disease (AD) (Muller et al. 2012) . As a free radical scavenger, EGb761 has antioxidant properties. Multiple lines of evidence have shown the antiinflammatory effects of EGb761. Ginkgo biloba exerts an anti-phlogistic effect on inflammatory cells mostly by suppressing the production of active oxygen and nitrogen species (Yoshikawa et al. 1999 ). Han and colleagues reported that Ginkgo biloba extracts treatment displays marked antiinflammatory activity in the carrageenan model of paw edema (Han. 2005) . Interestingly, Ginkgo biloba extract inhibits production of pro-inflammatory cytokines IL-1β and TNF-α but up-regulated the production of anti-inflammatory cytokines, IL-10 and IL-10R in brain, suggesting its anti-inflammatory capacity (Jiao et al. 2005) . Notably, anti-inflammatory effects of Ginkgo biloba have been implied in articular tissues. Administration of Ginkgo biloba significantly attenuated Candida albicans-caused arthritic inflammation by blocking of the NO production from the macrophages that infiltrate to the inflamed site (Lim et al. 2006) . EGb761 exerts the antiinflammatory effects on human articular chondrocytes and OA rats by reducing PGE2 and NO levels in blood, the histological alterations, COX-2, and nitrotyrosine expressions in cartilages (Chen et al. 2013) . However, the effects of EGb761 on inflammatory chondrocytes and OA remain unclear. Whether EGb761 inhibits the activation of MMPs is unknown.
Materials and methods

Cell cultures
Human subject researches were performed with written informed consent from the institutional Ethics Committee at Weifang Medical University and also from the patients. Normal specimens of knee joint cartilage from patients who were generally healthy undergoing joint replacement surgery were used to isolate human articular chondrocytes. Chondrocytes were isolated by sequential enzymatic digestion at 37°C with 0.2 % collagenase (type II; Sigma-Aldrich, St. Louis, MO) in Dulbecco's modified Eagle's medium (DMEM). Isolated chondrocytes were grown in DMEM (GIBCO-BRL, USA) medium supplemented with 10 % fetal bovine serum (FBS) and 1 % antibiotics (penicillin-streptomycin) in a humid incubator with 95 % air-5 % CO 2 at 37°C.
RNA isolation and quantitative real-time PCR
Total RNA from chondrocytes was extracted using the TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. Complementary DNA (cDNA) was synthesized by reverse transcription of RNA (1 μg) using iScript™ Advanced cDNA Synthesis Kit (Bio-rad, USA). Gene expression level of MMP-1, MMP-3, and MMP-13 were quantified by real-time PCR with a StepOnePlus Real-Time PCR System using TaqMan gene expression assays (Applied Biosystems) in a 20 μl reaction volume. The relative level of targeted gene expression levels were calculated using the 2 −ΔΔCt method.
ELISA assay
Upon completion of indicated treatment, culture medium was collected for ELISA assay using human MMP-1, MMP-3, and MMP-13 ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA) according to the manufacturer's instructions.
Western blot analysis
The cellular lysates were prepared by using the cell lysis buffer (Cell Signaling, USA). Equal proteins (20 μg) were resolved on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to immobilon polyvinyl difluoride (PVDF) membranes. The blots were blocked with 5 % non-fat milk for 1 h at room temperature and then probed with the primary antibodies overnight at 4°C. After three washes, the blots were subsequently incubated with the secondary goat anti-rabbit or anti-mouse antibodies conjugated with horseradish peroxidase (1:10,000) for 1 h at room temperature. The blots were visualized by enhanced chemiluminescence kit (SantaCruz, USA).
Nuclear extracts preparation and NF-kB activation measurement
Cell nuclear proteins were extracted using Nuclear and Cytoplasmic Extraction Kit (Thermo Scientific, USA) according to the manufacturer's instructions. Briefly, cells were lysed in a hypotonic buffer on ice for 15 min followed by centrifuged at 500×g for 30 s to pellet nuclei. Then, the pellet was resuspended in nuclear extract buffer on ice for 15 min and centrifuged at 14,000×g for 10 min. Supernatants containing the nuclear proteins were collected. Nuclear protein was used to measure the binding activity of NF-κB with NF-κB (p65) Transcription Factor Assay Kit (Cayman Chemical Company, Ann Arbor, MI) according to the manufacturer's instruction. Following color development, absorbance read at 450 nm was used to index the binding activity of NF-κB.
Statistical analysis
All of the experimental data were expressed as mean±stan-dard deviation (SD). The data were analyzed by one-way analysis of variance (ANOVA). Differences were considered significant when P<0.05.
Results
Firstly, we determined effects of EGb761 on MMP-1, MMP-3, MMP-13, TIMP-1, and TIMP-2 gene expression in monolayer chondrocytes. Cells were pretreated with EGb761 at the concentration of 0, 100, 250, and 500 μg/ml for 24 h followed by treatment with TNF-α (10 ng/ml) for another 24 h. And the result indicated that elevation of MMP-1 (Fig. 1a) , MMP-3 (Fig. 1b) , and MMP-13 (Fig. 1c) gene expression induced by TNF-α was inhibited by treatment with EGb761 in a dosedependent manner. Our results also demonstrated that EGb761 pretreatment ameliorated TNF-α induced reduction of both TIMP-1 (Fig. 1d ) and TIMP-2 (Fig. 1e) . In order to determine whether EGb761 also inhibited MMP-1, MMP-3, and MMP-13 expressions at the protein level, ELISA assay was used to measure the levels of MMP-1, MMP-3, and MMP-13. Culture media obtained from chondrocytes was used to determine the levels of MMP-1, MMP-3, and MMP-13. And the results indicated that TNF-α significantly increased the expression of MMP-1, MMP-3, and MMP-13, which was inhibited by treatment with EGb761 in a dose-dependent manner (Fig. 2a-c) . In addition, EGb761 restored the reduction of TIMP-1 (Fig. 2d) and TIMP-2 (Fig. 2e) induced by TNF-α at protein levels. Importantly, our results indicated that EGb761 pretreatment could prevent TNF-α mediated reduction of collagen II (Fig. 3a, b) .
NF-κB signaling pathway is related to inflammatory responses and cartilage degradation. To investigate the mechanisms of EGb761-mediated inhibition of inflammatory responses in TNF-α-activated chondrocytes, we focus on the activation of NF-κB, a family of transcription factor critical in many inflammatory responses. The results indicated that TNF-α markedly increased the phosphorylations of IKK, IκBα, and NF-κB p65, which could be significantly reversed by EGb761 (Fig. 4a) . Moreover, administration of EGb761 inhibited TNF-α-induced translocation of NF-kB p65 from cytosol to nucleus manner (Fig. 4b) . Notably, our results demonstrated that TNF-α significantly increased NF-κB binding activity, which was inhibited by treatment with EGb761 (Fig. 4c) . Fig. 1 EGb761 ameliorated the effects of TNF-α on the expression of MMP-1, MMP-3, MMP-13, TIMP-1, and TIMP-2 at mRNA levels. Cells were pretreated with EGb761 at the concentration of 0, 100, 250, and 500 μg/ml for 24 h followed by treatment with TNF-α (10 ng/ml) for another 24 h. mRNA was used isolated and used for real-time PCR analysis. a MMP-1; b MMP-3; c MMP-13; d TIMP-1; e TIMP-2. (*P<0.001 compared to untreated control; #P<0.001 compared to TNF-α treated group) Discussion TNF-α is a pro-inflammatory cytokine in many inflammatory disorders including OA. TNF-α is activated by synoviocytes and chondrocytes, and it plays a critical role in the pathogenesis of OA (Kou and Wu 2014) . As a matter of fact, the increased amounts of TNF-α were found in chondrocytes and synovial cells of OA patients (Tetta et al. 1990 ) and high concentration of TNF-α was also found in human OA cartilage (Shinmei et al. 1990 ). TNF-α suppresses proteoglycan production and collagen biosynthesis. Thus, to understand TNF-α signaling pathway of chondrocytes may be helpful for preventing cartilage degradation in OA. MMPs are a family of zinc-dependent enzymes that can degrade all components of the extracellular matrix, which are synthesized in synovial joints by synovial cells and chondrocytes. TNF-α treatment significantly increased the expression of MMPs in human chondrocytes (Moon et al. 2013) .
MMP-13 is elevated in OA chondrocytes, and this MMP specifically cleaves collagen type II (Poole et al. 2002 ). Another clinical investigation also revealed that patients with articular cartilage destruction have high MMP-13 expression (Roach et al. 2005) , suggesting that increased MMP-13 may be associated with cartilage degradation. In addition, MMP-3 was expressed in the synovium and the surface of cartilage in the knee joints and in pannus-like tissue of patients with OA (Shibakawa et al. 2003) . In our study, we investigated whether EGb761 possesses chondroprotective effects via suppression Fig. 2 EGb761 ameliorated TNF-α induced expression of MMP-1, MMP-3, and MMP-13 and reduction of TIMP-1 and TIMP-2 at protein levels. Cells were pretreated with EGb761 at the concentration of 0, 100, 250, and 500 μg/ml for 24 h followed by treatment with TNF-α (10 ng/ml) for another 24 h. ELISA assays were used to determine protein concentrations. a MMP-1; b MMP-3; c MMP-13; d levels of TIMP-1 determined by Western blot analysis; e levels of TIMP-2 determined by Western blot analysis (*P<0.001 compared to untreated control; #P<0.001 compared to TNF-α treated group) Fig. 3 EGb761 ameliorated TNF-α induced degradation of collagen type II. Cells were pretreated with EGb761 at the concentration of 0, 100, 250, and 500 μg/ml for 24 h followed by treatment with TNF-α (10 ng/ml) for another 24 h. . Representative Western blot bands of collagen typeII; b quantitative analysis (*P <0.001 compared to untreated control; #P<0.001 compared to TNF-α treated group) of MMPs in chondrocytes. Our results showed that EGb761 inhibited TNF-α-induced expression of MMP-1, MMP-3, MMP-13 and the reduction of collagen II in a dosedependent manner in human OA chondrocytes.
Consistent with our findings, a recent study demonstrated that EGb761 and its active components quercetin and kaempferol reversed LPS induced inflammatory responses through inhibiting the productions of PGE2, NO, and the protein expressions of COX-2 and iNOS via suppressing NF-κB signaling (Chen et al. 2013) . NF-κB is found in almost all animal cell types and is involved in cellular responses to stimuli such as stress, cytokines, and free radicals. NF-κB regulates the expression of MMP-1, MMP-3, and MMP-13 in cartilage (Vincenti et al. 2002) . EGb761 pretreatment also inhibits lipopolysaccharide (LPS)-induced protein leakage and neutrophil infiltration, inflammatory responses such as metalloproteinase (MMP)-9 activities, through inhibiting the phosphorylation of NF-κB and the degradation of its inhibitor IκB (Huang et al. 2013 ). Ginkgo biloba is one of the most widely used herbal products or dietary supplements in the world. EGb761 is a standardized extract of G. biloba leaves. For preparing natural herbal remedies, active substances are often complexes of different substances which interact, regulate, and intensify. All medicines may cause side effects, but many people have no, or minor, side effects. Possible side effects of Ginkgo biloba include diarrhea, dizziness, gas, headache, nausea, and stomach upset (Kim et al. 2009 ). Human bodies are better to tolerate the side effects of natural plant preparations than to tolerate the side effects of synthetic preparations. These actions of EGb761 suggest a mechanism by which EGb761 may act to prevent cartilage breakdown in arthritis. Fig. 4 EGb761 ameliorated TNF-α induced activation of NF-κB pathway. Cells were pretreated with EGb761 at the concentration of 0, 100, 250, and 500 μg/ml for 24 h followed by treatment with TNF-α (10 ng/ml) for another 24 h. a Phosphorylation of IKK, IκBα, and p65; b nuclear levels of p65. Lamin B was used for internal control; c luciferase activity of NF-κB (*P<0.001 compared to untreated control; #P<0.001 compared to TNF-α treated group)
